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1. INTRODUCTION 

Environmental data frequently contain values that are below detection limits. Values that 

are below detection limits are reported as being less than some reported limit of detection, 

rather than as actual values. Detection limits may vary for sample and reference datasets or 

even for individual observations. The implications of these nondetects in the summary, analysis, 

and interpretation of environmental data are explored. Alternative approaches for handling 

nondetect data are examined. with practical considerations being a key element in the selection 

of appropriate methodology. 

Two general approaches may be used in the statistical analysis of data that contain nondetect 

values: l) The nondetect values may be replaced using one of a variety of replacement methods, 

or 2) statistical techniques may be employed which can handle nondetect data. One of the 

most commonly used replacement methods is to substitute each nondetect value by half of its 

detection limit. Other commonly used replacement values are zeros or the detection limits. To 

avoid clumping of replaced values in cases where there are several nondetect values that share a 

common detection limit, values may be spaced evenly from 0 to the detection limit or according 

to some specified probability distribution. 

This paper will review selected work that has been conducted on the handling of nondetects 
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and examine specific environmental decisions in the presence of nondetect values. 

2. NON-DETECT VALUES 

Currie (1984, 1968) has noted that there are many different definitions of nondetect values 

in the scientific literature and has attempted to clarify the statistical error structure implied by the 

presence of nondetect values. Lambert. Peterson and Terpenning (1991) examined the nature of 

nondetects using extensive information on the actual measured values associated with nondetect 

values and showed that common reporting practices can throw out valuable information. In 

practice, the exact nature of the nondetect values may not be known. Information of the type 

used by Lambert et al may not be available. Instead, the statistician is left with the task of 

trying to make decisions in the situation where some of the values are only known to be less 

than specified values. In some cases, clear-cut decisions may be possible from the existing 

information. However, in border-line cases, additional values and additional information about 

the nature of the nondetect values may be worth obtaining to make better-informed decisions. 

Porter, Ward and Bell (1988) discuss the merits of having actual measured values rather than 

values recorded as nondetects. 

In actual practice, the source of the chemical analysis measurements may be sufficiently 

far removed that the exact nature of the nondetect values is unknown. Instead, the analyst only 

knows that the measured value is less than or equal to the specified detection limit. EPA (1989, 

1992a, 1992b) describes some of the different types of nondetect values that can occur with 

analytical data and makes some limited suggestions about the treatment of this type of data. 

In the statistical literature, the term censored data is applied to data for which values above 

or below a cenain threshold are not able to be measured. Cohen (1959) has proposed an approach 
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for computing maximum likelihood estimators for the mean and variance of normally distributed 

data in the presence of censored values. 

Several authors have examined censoring specifically in the context of environmental data. 

Gleit (1985) discusses estimation for small normal data sets with detection limits and compares 

several estimators via simulation. Hinton (1993) examines the performance of the delta log­

normal method for estimating the mean of environmental data. This method assumes that the 

underlying distribution of values is a mixture of nonzero lognormal values and zeroes. Newman 

and Dixon (1990) describe a computer program with 5 different methods for estimating the 

mean and standard deviation from normal and lognormal data. Owen and DeRouen ( 1980) 

compare the robustness to deviations from model assumptions of two different methods for 

estimating the mean for lognormal data containing zeroes and left-censored values. Shumway, 

Azari and Johnson describe a method for estimating mean concentrations for environmental data 

with nondetects that uses transformations of the data. Travis and Land (1990) discuss the use of 

log-probit analysis to estimate the mean from a lognormal distribution with nondetects. Gillom 

(1984) looks at the effect of nondetects on the ability to detect trends. 

In the following sections, specific environmental decisions will be considered where non­

detects may need to be addressed. 

3. DATA SUMMARY 

Environmental investigations can result in the collection of large volumes of chemical 

analysis data. A single environmental sample may be divided up and analyzed for hundreds 

of different radiological or chemical constituents. Depending on the size of the site under 

investigation. the number of samples collected may range from less than 10 to several hundred. 
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An important step in the reporting and analysis of large quantities of data is to summarize the 

individual values. The presence of nondetect values can make summarization a non-trivial task, 

because common sample statistics such as the median, mean, standard deviation, maximum and 

minimum are not clearly defined for the case where nondetect values are present. 

To convev meanin2ful information. the summarv must either orovide seoarate information 
- - - - -- • - "' - • - - - • fii,01 # ., .. ,. 

for detect and nondetect data, follow a specified procedure for replacement of nondetects by 

proxy values prior to the computation of sample statistics, or must use statistical techniques to 

provide estimates of sample quantities based on the full dataset. Helsel (1990) and Helsel and 

How the data is intended to be used may help determine the most appropriate method of 

handling the nondetect values. As urged by EPA (1989), "Do not simply omit the nondetected 

results ... " The authors have encountered cases where individuals have simply omitted all non-

detects from a data summary. Cieariy, this practice can seriousiy bias any summary statistics 

computed from the data. The method of handling nondetects may also depend on what type of 

constituent is being examined. When a number of cioseiy reiated constituents are being con-

sidered, the replacement of nondetects may be achieved from a multiple constituent standpoint. 

For example, for polycyclic aromatic hydrocarbons (PAHs), one method that has been proposed 

is to set all nondetects to zero if there are no detected PAHs in a given sample and to set all 

nondetects to their corresponding detection limits if one or more of the PAHs are present above 

a detection limit. 

4. COMPARISONS TO FIXED VALUES 

In some cases, individual values or sample means must be compared to specified fixed 
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levels to make a decision about whether further action is required at a site. At Los Alamos 

National Laboratory, a large number of sites are currently being investigated to determine whether 

contamination is present. In order to focus available resources on sites that require remediation. 

an initial screening is performed. Samples are collected at the sites and analyzed for a large 

number of constituents. The maximum values for each constituent are then compared to risk­

based Screening Action Levels (SALs) to determine whether additional evaluation is required. 

In most cases, the detection limits are well below the SALs so nondetect values do not impact 

screening decisions. However, in some cases, the detection limits may be near the SALs or even 

above the SALs making comparisons difficult. When a simple comparison can not be made, 

alternative evaluation methods may be used. For example, historical knowledge of the site and 

the frequency of detected values in the dataset may be considered. Alternatively, comparisons 

to relevant background levels or risk assessment methodology, which are described in the next 

two sections. may be required. 

5. COMPARING POPULATIONS 

Non-detect values can pose an especially difficult problem when the goal is to compare 

two different populations. For example, data collected from an area suspected of possible 

contamination might be compared to data collected from some suitable background area that is 

similar, but known to be uncontaminated. Since the values sampled from the two populations 

may involve different censoring mechanisms and different limits of detection, care must be 

taken in order to arrive at valid conclusions. Gilbert and Simpson (1990, 1992) discuss several 

methods for comparing sample and reference populations and provide some advice on dealing 

with nondetects. 
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One simple approach is to apply standard parametric techniques with nondetects replaced 

by proxy values. A preferred approach may be to use nonparametric approaches. Hipel (1988) 

and Helsel (1987) discuss the advantages of using nonparametric techniques for the assessment 

of environmental data. Some nonparametric techniques can handle nondetect values directly. 

Others may require replacement of the nondetect values. but the exact values will have less 

impact than for parametric approaches. In other cases, the nonparametric techniques can handle 

nondetect values if certain assumptions may be made, such as all of the nondetect values being 

less than all of the values above detection limits. 

The Wilcoxon test is a nonparametric test that may be used to compare samples from two 

populations. (See for example, Conover (1980).) The Wilcoxon test is effective for detecting 

location shifts of a distribution. The Wilcoxon test uses the ranks obtained from the dataset 

formed by combining the two samples. The test statistic is the sum of the ranks corresponding 

to one of the samples. For moderate to large sample sizes, a normal approximation may be 

used. Gehan (1965) proposed an extension of the Wilcoxon statistic for comparing two samples 

to handle censored data in the singly-censored case where all values are censored at the same 

value. Efron (1967) has proposed an alternative test statistic for the two sample problem with 

censored data. 

When there are nondetects with multiple detection limits present, a multiple detection limit 

approach is required. Millard and Deverel (1988) discuss methods for comparing two sites when 

there are multiple detection limits and provide a comparison of various techniques based on a 

simulation study. 

Anoiher approach ihat may be especiaily appropriate for environmental applications is a 
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quantile test developed by Johnson, Verrill and Moore (1987). This method examines the upper 

tail behavior of two populations by computing the probability that k out of the n largest values 

from the combined data set of n 1 + n 2 values would come from one of the populations if the 

two populations had the same distribution. This method will detect differences in the upper tail 

of the distribution. In environmental applications, it is often these extreme values which are of 

most interest. Since nondetect values tend to occur in the lower end of the distribution, this 

method can be used in the presence of nondetect data, provided the nondetect values are not 

among the n largest values. Even if some of the nondetect values are in the set of n largest 

values, the method could still be used if a replacement method was use.d to provide proxy values 

for the nondetects. 

6. RISK ASSESSMENT 

Risk assessment involves summa..rization of contaminant concentrations over areas called 

exposure units that represent physical area sizes encountered by individuals under a given land 

concentrations to determine whether a particular area poses a human health risk. The 95% upper 

exposed individual. (See EPA (1989).) 

To examine the impact of nondetect values on risk assessment. consider the formula used 

in computing the 95% upper confidence limit on the mean. This formula involves not only the 

sampie mean. but aiso the sampie standard deviation. Repiacement of nondetect vaiues by their 

detection limits is generally regarded as conservative when estimating the mean because it will 

provide a mean estimate that is greater than or equai to the mean that wouid be obtained if the 
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nondetect values were known. However. this replacement method will produce a smaller than 

desired standard deviation. The overall impact of replacing nondetects by their detection limits 

will depend on the relative magnitudes of the differences in the resulting mean and standard 

deviation from their true values induced by the replacement of the nondetects. If a simple 

replacement method is used, care should be taken that the resulting values do not result in an 

underestimate of the reasonable maximum values present at the site. 

7. SUMMARY 

Non-detect values are frequently encountered in the analysis of environmental data. The 

manner in which the nondetect values are handled should depend on the type of decision to 

in magnitude or low in frequency, the method of handling the nondetects will probably have 

minLual impact on the fiaial outcome of the analysis~ However9 if the detection limits are close 

to important decision values, or if the frequency of nondetects is high, the treatment of the 

nondetect vaiues can greatly influence resulting decisions. 
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